Numerous transportation networks in living systems are pulsatile branching trees. Due to the alternating character of the flow, these trees have to simultaneously satisfy two constraints: (1) they have to deliver the carried products in a limited time, (2) they must exhibit a satisfactory aerodynamic performance in both directions of the flow. We report here that introducing a systematic branching asymmetry into a distribution tree improves performance and robustness, both at inspiration and expiration.
tion a non linear behavior that may lead to important non homogeneities in the flow distribution. Here we explore how the branching asymmetry may affect ventilation in both healthy and pathological lungs.
A pressure-driven model is developed to compute the flow pattern in the tree at each step of the breathing cycle. To our knowledge, this model computes for the first time at each step of the breathing cycle the flow in each elementary bronchus, up to the 15th generation. It takes into account a non linear airway compliance and solves the pressure variation along each bronchus. The flow-volume curves during the breathing cycle are then calculated. Two different types of structures of the bronchial tree have been investigated: the first one, inspired by the Weibel's "A" model, has symmetric branching, while the second one presents a systematic branching asymmetry at each generation. Restrictive pathologies such as COPD or emphysema are modeled by a local modification of the small airway compliances.
Using this model, it is shown that the responses of both symmetric and asymmetric structures are almost identical. In the case of severe emphysema, both structures present a collapse of the flow after the maximal expiratory flow, which is the specific signature of restrictive pathologies. Nevertheless, the flow collapse is much larger in the symmetric case than in the asymmetric one. By examining the detail of the flow distribution, one can see that the asymmetry authorizes larger airways at each generation which prevents the uniform collapse that occurs in a symmetric tree.
In conclusion, branching asymmetry provides improved performance and robustness, both at inspiration and expiration. From the point of view of evolution, the observed asymmetry in the human lung airway system could thus be considered as optimal.
